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(54) Pressure forming of glass sheets 

(57) The present invention discloses a method for 
shaping glass sheets to deeply sagged configurations 
using a lower outline mold and an upper shaping mold 
while minimizing marking of the sheets by shaping 
molds. The outline mold includes a support rail which 
generally correspontfng to the desired curvature of a 
peripheral portion of the sheets to be shaped and sup- 
ports the glass sheets as they are heated and sagged 
by gravity to a preliminary shape. The outline mold and 
the upper moid are then moved relative to each other to 
position the molds either in close proximity to each other 
or to press the upper mold against the glass sheets. 
Pressurized gas is then directed from the mold to at least 
the unsupported central portions of the preliminarily 
shaped sheets, to urge these unsupported portions 
downward and shape the sheets to a desired configura- 
tion. 
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Description 

Background of the Invention 

The present invention relates to shaping heat sot- s 
tened glass sheets and in particular to shaping pairs of 
glass sheets to a deeply curved configuration by a corn* 
binatton of preliminary gravity sag bending on an outline 
mold and final bending utilizing downwardly directed air 
pressure. 10 

One common technique for shaping a glass sheet is 
to support the sheet on an outline bending mold having 
a shaping rail with an upper surface having elevational 
contours corresponding to the final desired shape of the 
glass sheet. The glass sheet is heated to its heat soften- is 
ing temperature and sagged by gravity to assume the 
desired configuration. This technique is particularly well- 
suited for simultaneously shaping two sheets of glass, or 
doublets, that will be used as the inner and outer plies of 
conventionaJ laminated glass, for example, a windshield. 20 

As glass sheet configurations become more com- 
plex and include deeper bend sections, the shaping rails 
may be segmented and made to pivot from an open, rigid 
sheet supporting position to a closed, heat-softened 
glass sheet supporting position. In the closed position, 2$ 
the shaping rails assume the desired elevational con- 
tours of the glass sheet to be shaped about its periphery. 

To supplement the shaping capabilities of a gravity 
sag bending operation, partial molds as disclosed in U.S. 
Patent 4.804,397 to Stas et al.. or full surface molds as so 
disclosed in U.S. Patents 4.265,650 and 4,894.080 to 
Reese et al. and 4.778.507 to Aruga et al.. may be used. 
Other techniques, such as that disclosed in US. Patent 
4.066.320 to Lento et al. directs high temperature air 
1rom a mold surface at selected portions of preliminarily ss 
shaped glass sheets to preferentially heat and assist in 
forming additional sharp bends in these selected por- 
tions without contacting the glass surface with the mold, 
may also be used to supplement the bending operation. 

It has been found that in shaping glass to deep sag 40 
configurations, and in particular configurations having a 
maximum sag measured along the centeriine of the 
shaped glass sheet of 1 5 mm and greater, it is drfficutt to 
achieve the deep sag using only gravity bending tech- 
niques or by preliminarily shaping the sheets by gravity 45 
bending and subsequently contacting the sheets with a 
bending molding having the final desired configuration 
without marking the glass or otherwise effecting its opti- 
cal properties. 

It would be advantageous to provide a glass sheet so 
bending operation and in particularly a glass doublet 
bending operation wherein the glass sheets may be pre- 
liminary shaped on an outline bending mold and then 
finally shaped to a deeply sagged configuration while 
minimizing any optical distortion in the glass sheets. ss 



Summary of th e Invention 

The present invention discloses a method and appa- 
ratus for shaping glass sheets to deeply sagged config- 
urations using a lower outline mold and an upper shaping 
mold, while minimizing marking of the sheets by shaping 
molds. The outline mold, which has a sheet engaging 
surface that generally corresponds a desired curvature 
of a peripheral portion of the sheets to be shaped, sup- 
ports the glass sheets as they are heated and sagged 
by gravity to a preliminary shape. The ring mold and the 
upper moid are then moved relative to each other to posi- 
tion the upper mold at least in dose proximity to the 
peripheral portion of the preliminarily shaped sheets. 
Pressurized gas is then directed from the mold to at least 
the unsupported central portions of the preliminarily 
shaped sheets, to urge these unsupported portions 
downward and shape the sheets to a desired configura- 
tion . The pressurized gas is preferably at a generally uni- 
form temperature that will not appreciably effect the 
temperature of the sheets during the shaping operation. 
In one particular embodiment of the invention, the upper 
mold has a sheet shaping surface which at least corre- 
sponds to the desired curvature of the peripheral portion 
of the preliminarily shaped sheets and the upper mold is 
moved to press the peripheral portion of the sheet 
against the outline mold. 

Brief Description of the Drawings 

Figure 1 comprising Figures 1a and 1b is a longitu- 
dinal side view of a glass sheet bending lehr arrange- 
ment in accordance with the present invention. Figure 1 a 
shows the upstream section and Figure 1b shows the 
downstream section. 

Figure 2 is a cross-sectional view taken along line 
2-2 of Figure 1 showing a transverse elevation of the 
press bending station of the lehr arrangement shown in 
Figure 1. which incorporates the novel features of 
present invention and includes an outline mold and an 
upper pressure forming mold in spaced apart relation, 
with portions removed for clarity. 

Figure 3 is a cross-sectional view of the upper and 
lower molds when positioned at their pressure forming 
positions, with portions removed for clarity. 

Figure 4 is a cross-sectional view similar to that in 
Figure 3 showing an alternate peripheral seal arrange- 
ment. 

Figure 5 is a cross-sectionaJ view of the upper and 
lower mold for an alternate embedment of the invention, 
with portions removed for clarity. 

Figures 6 and 7 are cross-sectional views of alter- 
nate designs of the upper mold used in the present inven- 
tion. 

Detailed Description of the Inventio n 

The present invention utilizes pressurized gas to 
shape heat softened glass sheets, and in particular to 
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simultaneously shape doublets for a windshield, but It Is 
understood that the invention as discussed h rein may 
be used to shape a single sheet or any number of sheets 
of any heat soft enable sheet material, where it is desired 
that the sheet be precisely and accurately shaped to a s 
deeply sagged conf iguration while marking of the sheets 
due to shaping is minimized. 

Figures 1a and 1b depict a heating, shaping and 
annealing lehr for shaping glass sheets according to the 
present invention, although other heating and annealing w 
arrangement as are well known to those skilled in the art 
may be used. The lehr begins at the loading zone 20 and 
includes a heating zone 22 of tunnel-type configuration, 
a gravity bending zone 24, an enclosed press bending 
or shaping station 26, a controlled temperature zone 28, is 
and a cooling station 30, all generally aligned in end-to- 
end relation along the lehr as shown in Figure 1. An 
unloading zone 32 is beyond the cooling zone 30. 

Referring to Figure 2, a plurality of mold support car- 
riages 34 (one only shown in Figure 2} of a type well 20 
known in the art, are conveyed through the lehr in any 
convenient manner, for example by a plurality of rolls 36 
in manner as disclosed in US. Patent 4,894,080 to 
Reese et al . A ring or outline mold 38 and support frame 
40 are mounted on each carriage 34. The mold 38 2s 
includes a rail member 42 having a support surface 44 
that generally conforms in elevation and outline to the 
final longitudinal and transverse shape desired for the 
glass sheets G to be bent. Rail member 42 may be a bar 
member that supports the glass sheets Q slightly inboard 30 
of the glass sheets' periphery, or it may be an M L" or T" 
shaped member as shewn in Figure 2 and support the 
glass sheets G along the peripheral edge of the lower 
sheet or slightly inboard of the glass sheet edge. If 
desired, the mold 38 may be an articulating shaping mold 35 
as shown in Figure 2, having a stationary central portion 
46 and a pair of opposed pivoting end mold wing section 
48, as disclosed in U.S. Patent 4,597,789 to Reese. 

The shaping station 26 also includes an upper mold 
50 having an apertured lower plate 52 with a downwardly 40 
facing shaping surface 54. If desired, surface 54 may be 
provided with a flexible fabric material cover (not shown) 
that will not mark a hot glass sheet surface when con- 
tacted by the material, e.g. fiber glass cloth. Surface 54 
has a configuration wherein at least its peripheral area <s 
56 has a shape that generally corresponds to the desired 
shape of a peripheral portion 58 of the sheets G. In the 
particular embodiment of the invention shown in Figures 
2 and 3. the central portions 60 of surface 54 within the 
peripheral area 56 have a curved configuration with sag so 
dimensions which is less than corresponding unsup- 
ported central portions 61 (shown only in Figure 3) of the 
preliminarily shaped glass sheets G which are supported 
on member 42 and formed by gravity bending, ft should 
be appreciated that surface 54 may have a different sur- 66 
face configuration, as well will be discussed later in mor 
detail. Mold 50 is supported within station 26 from f ram 
62 and is vertically reciprocated by cylinder 64, or any 
other reciprocating means as are w II known in the art, 



to move the mold 50 at least into close proximity with the 
supported glass sheets G and, if required, press the 
mold 50 against the sheets G. as will be discussed later 
in more detail. 

Mold 50 is designed to direct a pressurized gas from 
Its surface 54 towards the upper surface of the supported 
glass sheets G. In the particular embodiment of the 
invention shown in Figures 2 and 3, mold 50 includes an 
internal plenum 66 formed between lower plate 52 and 
an upper plate 68. Supply line 70 supplies pressurized 
gas to plenum 66 which in turn passes through apertures 
72 in lower plate 52 to provide a downwardly directed 
force on the upper major surface 74 of the preliminarily 
shaped, heat softened glass sheets G as the mold 50 is 
moved into close proximity to the sheets by cylinder 64, 
and further shape the glass sheets G while the sheets 
are supported on outline mold 38. Controller 76 (shown 
only in Figure 2) controls the gas pressure and the time 
during the shaping operation at which the gas flow is ini- 
tiated and terminated. Gas pressure may be varied dur- 
ing the shaping operation and the gas flow may be 
initiated and terminated at various times in the shaping 
operation, as will be discussed later in more detail. 

In the particular embodiment of the invention illus- 
trated in Figures 2 and 3, surface 54 of mold 50 extends 
at least to the peripheral edge of the glass sheets G to 
contact the peripheral portion 58 of the glass sheets G 
with area 56 of the mold 50 and press the sheet against 
rail member 42 to shape the sheets and form a seal about 
the periphery of the glass sheets G. As a resuH, the 
periphery of the glass sheets G is pressed to a desired 
shape while the area 78 (shown only in Figure 3) formed 
between the central portions of the preliminarily shaped 
glass sheets G and the mold 50 is sealed so that pres- 
surized gas blown into this area 78 will further shape the 
unsupported portions 61 of the glass sheets G to the 
desired sheet configuration as indicated by numeral 80 
in Figure 3. In this manner, the physical contact between 
the upper surface of the glass sheet G and mold surface 
54 is minimized while providing a non-contacting bend- 
ing force to the central portions of the glass. Further 
more, the use of pressurized gas provides a generally 
uniform pressing force on the glass sheets G as com- 
pared to the concentrated faces experienced by the 
glass sheets when a mold surface is used to contact and 
press the glass sheets to shape. 

It should be appreciated that although the embodi- 
ment discussed above attempts to seal the periphery of 
the glass sheets G against the upper mold 50, it is 
expected that there will be some leakage at the seal. 

Cvde of Oppratfrn 

A pair of glass sheets of curved outline and with a 
suitable parting medium therebetween is positioned in a 
substantially horizontal orientation on outline mold 38 of 
the mold supporting carriage 34 at th loading zone 20. 
The carriage 34 is positioned on the rolls 36 and con- 
veyed through the heating zone 22 of the lehr where 
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heating elements are arranged to provide a desired heat- 
ing pattern, both longitudinally and/or transversely along 
the path of travel through the lehr. By the time the mold 
38 arrives at the end of the gravity bend station 24 (which 
is preferably maintained at an ambient temperature s 
range of about 1050°F to 1200°F [566*0 to 649°CD. the 
glass sheets Q have been heated to their deformation 
temperature (generally between about 1070*F and 
1 1 50°F p77*C to 621 a C]) and have sagged by gravity to 
a preliminary configuration which is less than the desired w 
sheet configuration. In addition, end sections 48 of mold 
38 rotate upward to further shape the glass sheets G. It 
should be appreciated that if the glass sheet shaped in 
accordance with the present invention wiD be tempered 
after shaping rather than annealed as discussed above, is 
the glass temperature during the preliminary gravity 
bending of the sheet may be as high as 1 270°F (688*C). 

After the preliminary gravity bending of the glass 
sheets Q. carriage 34 continues into the enclosed shap- 
ing station 26 to a position below the upper mold 50. Dur- 20 
ing passage of the outline mold 38 from the loading zone 
20 to the shaping station 26, it may lose Hs alignment 
with respect to the longitudinal reference line of the lehr. 
To ensure that the mold 50 and glass sheets Q are prop- 
erty vertically aligned during the shaping operation, the 25 
upper mold 50 is provided with a plurality of alignment 
pins 82 (only one shown in Figure 2) which are received 
by receivers 84 on carriage 34 as the mold 50 moves to 
a position at least in close proximity to the outline mold 
38. As an alternative, the carnage 34 may be physically so 
realigned relative to the mold 50, e.g. asdisclosed in US. 
Patent 4,290.796 to Reese et al. 

After the preliminarily shaped glass sheets G are 
positioned below mold 50. cylinder 64 begins to move 
mold 50 downward towards the ass sheet G. If desired, 35 
controller 76 may initiate the flow of pressurized gas from 
supply line 70 into plenum 66 and through apertures 72 
of lower plate 52 as the mold 50 approaches the sheets 
G. In one particular embodiment of the invention, the 
pressurized gas is air and both the air and moid 50 are 40 
heated so that they are effectively neutral to the glass, 
i.e. they have a minimal heating or cooling effect on the 
glass sheets G. More particularly, the glass sheets* tem- 
perature should not be changed during the shaping oper- 
ation by more than 1 00°F (56°C), and preferably by more 45 
than 50°F (28°C). In a preferred embodiment of the 
invention, the temperature of the sheets is not increased. 
The air may be preheated externally from the lehr or may 
be drawn from the ambient air within the lehr. Although 
not limiting in the present invention, the air is delivered so 
to the glass sheets G preferably at a temperature 
between 700°F to 12Q0°F (371 P C to 649°C) and the mold 
50 is preferably at a temperature between 1000°F to 
1200°F (538°C to 649°C). It should be appreciated that 
the longer the pressurized air is directed toward the sup- 55 
ported sheets G and/or the closer the mold 50 is to th 
sheets G, the greater the potential for the effecting glass 
sheets' temperature. 



As the mold 50 approaches the heat softened glass 
sheets G, the force from the pressurized air urges the 
preliminarily shaped glass sheets downward and begins 
to further increase the sag in the glass. The mold 50 con- 
tinues to moves downward until peripheral area 56 con- 
tacts the corresponding peripheral portion 58 of the 
sheets G. Since the curvature of the central portions 60 
of mold 50 in this particular embodiment of the invention 
is generrfly lees than the sagged shape of corresponding 
portions 61 of the preliminary 6haped glass sheets G, 
the only contact between the glass sheets and the mold 
50 is about the upper glass sheets' periphery. As dis- 
cussed earlier, this forms a seal which inhibits escape of 
pressurized air from area 78 between the glass sheets 
G and the mold 50. Depending on the amount of pres- 
sure and hold time, i.e. the time that the air pressure Is 
maintained while the mold 50 remains in peripheral con- 
tact with the glass sheets G and maintains the seal, the 
greater the glass sheets G will be forced downward to 
further shape the glass sheets and provide the desired 
deep sag configuration. In this manner, increased sag 
curvature is achievable in the unsupported central por- 
tions 61 of the glass sheets G through minimal contact 
between the glass and the mold surface while pressing 
the peripheral contours of the glass sheet to ensure a 
correct configuration. After the shaping is completed, 
controller 76 terminates the pressurized air flow and the 
upper mow 50 and outline mold 38 separate, leaving the 
fully shaped glass sheets G on the mold 38. Carriage 34 
then continues through the controlled temperature zone 
28 of the lehr, where the glass is control lably cooled, and 
then through the cooling station 30 and to the unloading 
zone 32. H required, the 

K should be appreciated that although the particular 
embodiment of the invention shown in Figure 2 and dis- 
cussed above moves the mold 50 downward toward the 
glass sheets G supported on mold 38, as an alternative, 
carriage 34 may be moved upward to lift the mold 38 and 
move sheets G toward mold 50. 

During preliminary testing of this novel pressure 
shaping arrangement, the controller 76 initiated the flow 
of pressurized air just before the peripheral area 56 of 
mold 50 contacted the peripheral portion 58 of sheets G 
and continued the airflow for a period of 3-4 seconds. 
Air pressure in the plenum 66. which was held constant 
during each trial, was varied from approximately 0.30 to 
0.78psi (21.1 to54.8g/crh2) which resulted inarelatively 
uniform pressure along the glass surface 74 ranging from 
approximately 0.29 to 0.59 psi (20.4 to 41 .4 gfcm*). In a 
first series of trials which utilized a mold 52 having a 10 
mm cerrterline sag to shape a preliminarily shaped glass 
doublet having an 1 1 mm cerrterline sag. an additional 
sag of about 5.7 to 9.8 mm was produced in the glass 
sheets. In another trial where the preliminarily shaped 
glass doublet had a 13 mm cerrterline sag, an additional 
sag of about 6.7 to 1 4.2 mm was produced in the glass. 

As an alternative to shaping the sheets by contacting 
th peripheral edge of the sheets to form a "hard seal" 
asdiscussed earlier and shown in Figures 2 and 3. it has 
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been found that acceptable shaping may be achieved 
without contacting the glass sheet surface. Such a shap- 
ing arrangement where the peripheral area 56 comes 
clos to but does not contact the glass sheet surface is 
hereinafter referred to as a "soft seal" arrangement More 5 
particularly, referring to Figure 4, peripheral area 456 of 
mold 450 is spaced apart from peripheral portion 458 of 
the glass sheets so that outward gas flow about the 
periphery of the sheets is at least partially restricted. It 
should be appreciated that if the shaping operation does w 
not require the peripheral area of the mold 450 to contact 
the glass sheets G and press the glass against rail mem- 
ber 442. the mold 450 may be sized to be smaller than 
the peripheral outline defined by mold 438. 

In a series of trials using an upper mold 450 having 75 
a 10 mm centerline sag to shape glass doublets sup- 
ported on an outline mold 438 having a preliminarily 
shaped center! ine sag of 1 1 mm. where the gap between 
the peripheral area 456 of surface 454 of mold 450 and 
the periphery of the gtass was approximately 0 . 1 0 inches 20 
(2.54 mm), air pressure in the plenum 466, which was 
held constant during each of the trials, was varied from 
approximately 0.21 to 0.55 psi (1 4.8 to 38.7 gfcn*) which 
resulted in a pressure along the glass surface of approx- 
imately 0.14 to 0.29 psi (9.8 to 20.4 g/cmz) and an addi- 25 
tional sag in the glass of about 2.7 to 5.9 mm. When the 
preliminarily shaped centerline sag of the sheets was 
increased to 1 3 mm and air pressure in the plenum 466 
was varied from approximately 0.19 to 0.52 psi (13.4 to 
36.6 gfcmZ), which resulted in a pressure along the glass 30 
surface of approximately 0.13 to 0.22 psi (9.1 to 15.5 
g/cm2), the additional sag in the glass ranged from 4.1 
to 7.3 mm. Additional trials were conducted using a gap 
of approximately 0.19 inches (4.83 mm). For a prelimi- 
narily shaped sheets having centerline sag of 1 1 mm, 35 
where the air pressure in the plenum 466 was varied 
between trials from approximately 0.16 to 0.30 psi (1 1 .2 
to 21.1 g/cm*) which resulted in a pressure along the 
glass surface of approximately 0.04 to 0.14 psi (2.8 to 
9.8 g/cm2), the additional sag in the glass ranged from 40 
about 1.3 to 2.5 mm. When the preliminarily shaped 
sheet centerline sag was increased to 13 mm and air 
pressure in the plenum 466 was varied from approxi- 
mately 0.14 to 0.29 psi (9.8 to 20.1 g/cm*). which 
resulted in a pressure along the gtass surface of apprax- 45 
imately 0.03 to 0. 1 1 psi (2.1 to 7.7 g/cm*), the additional 
sag in the glass ranged from about 1 .2 to 3.6 mm. 

The shaping pressure along the glass surface during 
the hard seal trials was higher than that in the 60ft seal 
trials, and in turn resulted in greater additional sag in the so 
sheets as compared to the soft seal trials. It is believed 
that if the pressure along the sheet surface 474 (shown 
in Figure 4) in the soft seal operation was increased to 
levels comparable to those in the hard seal trials, the 
additional sag resulting from a soft seal operation would ss 
be comparable to thos in the hard seal operation. It 
should be noted that to provide this higher pressure in a 
soft seal operation, it will require a greater volume of air 
to produce thes higher surface pressures. 



It should be appreciated that the various operating 
parameters, and in particular gas pressure, gap size, and 
the time in the shaping operation at which the flow of 
pressurized gas is initiated and terminated, may be var- 
ied to control the additional sag imparted to the prelimi- 
narily shaped glass sheets G. For example, it was 
observed that as the gap distance increases, the 
required pressure and/or length of hold time increases 
in order to get the same effect on the preliminary shaped 
glass sheet G. In addition, it was found that initial pres- 
sure forming of the glass sheets Q may be effected 
before the mold 50 is in its final shaping position by sup- 
plying the pressurized gas to the mold 50 as it 
approaches the glass sheets G. It should also be noted 
that the amount of sag in the preliminarily shaped sheets 
effects the shaping operation. More particularly, it was 
observed that when comparing the additional sag 
formed by the pressure shaping operation of the present 
invention for both the hard seal and soft seal approach, 
when the centerline sag of the preliminarily shaped 
sheets is greater, the additional sag imparted to the glass 
sheets under the same pressure shaping conditions is 
greater. 

The shaping operation discussed above may com- 
bine both the hard seal and soft approach. More partic- 
ularly, the mold 50 may be lowered into close proximity 
to the preliminarily shaped glass sheets, forming a soft 
seal about the sheet periphery, with the pressurized gas 
imparting additional sag in the glass sheets Q. This may 
be followed by a final pressing step wherein the mold 50 
is pressed against the periphery of the sheets Q to pos- 
itively shape peripheral portion 58 of the sheets O 
between peripheral area 56 of mold 50 and rail 42. It 
should be further appreciated that this final pressing step 
may be performed either with the pressurized gas con- 
tinuing to be supplied along surface 74 of the sheets G 
to further shape the glass sheets or with the gas flow 
terminated to eliminate the shaping pressure. 

Although in the embodiment described in Figure 1, 
the mold has a shaped surface with sag dimensions less 
than corresponding portions of the preliminarily shaped 
glass sheets G, other mold configurations may be used 
in a manner as taught herein to further shape preliminar- 
ily shaped glass sheets. For example, referring to Figure 
5, upper mold 550 includes a peripheral ring 552 that 
defines a downwardly shaping facing surface 554 which 
generally corresponds to the desired curvature of the 
peripheral portion of the sheets supported on rail 542. 
During the shaping operation, as the mold 550 is moved 
into contact with the peripheral portion of the glass sheet 
G, cavity 566 of the mold 550 is pressurized to force the 
unsupported central portions 561 of the preliminary 
shaped glass sheets G downward to a desired sheet 
configuration indicated by numeral 580. 

In another embodiment of the invention, the shape 
of mold surface 54 may be configured to generally cor- 
respond to the sag of the preliminarily shaped glass 
sheets G and the gas pressure used to impart additional 
sag to form the desired configuration. In test trials utiliz- 
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ing this ipper mold configuration, it was found that by 
using a hard seal approach to shape preliminarily 
shaped doublets with a mold having a centerline sag of 
15 mm, an additional sag of over 15 mm could be 
imparted into the glass using a plenum air pressure of $ 
approximately 0.77 pei (54.1 g/cm 2 ) and applying this 
pressure for 3-4 seconds after forming a hard seal about 
the glass sheet perimeter. Although the pressure along 
the sheet surface 74 was not measured, it is believed 
that it was comparable to the surface pressure measured 
in the hard seal trials for a 13 mm preliminary sag for a 
comparable plenum pressure. 

The curvature of the mold surface 54 may be 
increased even further such that the mold sag is greater 
than corresponding portions of the preliminarily shaped 
glass sheets Q. It should be noted that with this type of 
mold configuration, it is preferable to wait until the pres- 
surized gas forces the glass sheets G downward to a sag 
dimension deeper than that of the mold before moving 
the mold to Its final shaping position to minimize marking 
of the glass by the mold surface. During trials using a 
mold with a center! ine sag of 1 5 mm, a gap spaci ng from 
0 to 0.19 inches (0 to 4.83 mm) and plenum pressures 
of up to approximately 0.77 psi (54. 1 g/cm*) it was found 
even with a preliminary sag of 1 3 mm, the mold 50 came 
into contact with the upper glass solace. This was the 
result of the glass sheets being too rigid, i.e. they were 
not at a high enough temperature to be readily shaped 
by the gas pressure, the pressure being too low and/or 
moving the mold into its final shaping position too quickly. 
It is believed that if the glass temperature was increased, 
the gas pressure was increased, and/or the speed at 
which the mold is moved toward the sheets is reduced, 
the glass sheets may be shaped in the preferred manner 
discussed above. However, it is noted that a final sag of 
27.3 mm was imparted to sheets having a 13 mm pre- 
liminary centerline sag using a hand seal approach (i.e. 
no gap), a plenum pressure of approximately 0.77 psi 
(54.1 g/cm 2 ), initiating the gas pressure 3 seconds prior 
to the mold reaching its final shaping position and main- 
taining the gas pressure for an additional 3 seconds. 

Still another embodiment of the invention includes a 
mold surface 54 having a shape generaty corresponding 
to the desired glass shape. Unlike the arrangement dis- 
closed in US. Patent 5,066,320 to Lento et a!., which 
directs high temperature air at selected portions of the 
glass sheets to raise the temperature of these portions 
so that they are more susceptible to forming sharp 
bends, the present invention does not change the heat 
profile of the glass in selected areas to effect shaping but 
rather does all of the shaping by pressure without requir- 
ing any additional heat in the shaping operation. If the 
mold 50 is pressed against the glass sheets G during the 
shaping operation, since the glass sheets G have 
already been shaped to their desired curvature, which 
also corresponds to the shape of mold surface 54, the 
surface 54 should simultaneously contact large portions, 
if not all of the glass surface thus distributing any press- 
ing forces over the glass surface and minimizing any dis- 



tortion to the glass due to shaping. In addition, the 
pressurized gas flow should be terminated prior to the 
mold 50 contacting the sheets to prevent undesired addi- 
tional sag. 

Under certain operating conditions, the glass sheets 
may tend to "spring back* after being shaped by the pres- 
surized gas and mold to a curved configuration with sag 
less than that imparted in the sheets during the shaping 
operation. Such operating conditions include, but are not 
limited to, an operation where the force applied by the 
pressurized gas is not held long enough to allow the 
sheets to stabilize and maintain their shape or the sheet 
temperature is too low to maintain the pressure formed 
shape. Under such operating conditions, it may be desir- 
able to over-shape the glass sheets, i.e. shape them to 
a curvature greater than the final desired shape, so that 
after the upper mold and outline mold are moved apart, 
the sheets will spring back and conform to the final 
desired shape. This may be accomplished by using pres- 
surized gas in a manner as disclosed herein to form the 
sheets to a desired configuration having a sag greater 
than the final desired shape. In addition, in the particular 
embodiment of the invention where the shaping surface 
54 of the upper mold 50 generally conforms to the final 
desired shape, the pressurized gas may be used to over- 
shape the sheets so that when the gas flow is terminated, 
the sheets will to spring back and contact the shaping 
surface 54. Furthermore, the surface 54 of the mold 50 
may have a configuration with sag dimensions that 
exceed the final desired shape so that after shaping, the 
sheets may spring back to the final desired shape. 

As discussed earlier, after the pressure shaping 
operation is completed, the glass sheets are moved into 
the controlled temperature zone 28, where the sheets 
are controllaWy cooled and annealed. If desired, prior to 
annealing, the shaped glass sheets may be positioned 
within a portion of zone 28 that maintains the glass 
sheets at their heat softening temperature so that the 
pressure shaped sheets may be further shaped by addi- 
tional gravity bending. 

It should be appreciated that each of the embodi- 
ments of the invention discussed above may incorporate 
a hard seal approach, wherein the periphery of the mold 
contacts the periphery of the glass to shape the glass 
between the upper moW and the support rail and contain 
the pressurized air within the sealed space between the 
mold face and the glass to shape the glass, or a soft seal 
approach, where the mold surface 54 remains spaced 
from the glass surface and the downward force of the air 
pressure shapes the entire glass sheet or a combination 
of the two as discussed above. 

Although the preliminary trials discussed above use 
surface pressures of tp to about 0.60 psi (42.2 g/cm 2 ) 
and a gap spacing of up to 0.19 inches (4.83 mm), it is 
believed that preliminarily shaped glass sheets may be 
further shaped in a manner as taught in the present 
invention using surface pressures if) to 2 psi (140.6 
g/cm 2 ) but preferably up to 1 psi (70.3 g/cm 2 ) and a 
peripheral gap of up to 1 inch (25.4 mm) but preferably 
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up to 0.5 inches (12.7 mm). Furthermore, although the 
trials used hold times of up to 4 seconds, it is believed 
that the pressure shaping operations as taught herein 
may incorporate low pressure levels and extended hold 
times of up to 60 seconds, but preferably up to 8 seconds. 5 
In addition, the surface pressures, gap spacing and hold 
times, as well as the time during the shaping operation 
at which the pressurized gas flow to the upper mold is 
initiated and terminated, may be adjusted to produce 
shaped glass sheets having a centerline sag dimension w 
in excess of 30 mm. it should be appreciated that the 
particular combination of these variables required to 
impart the desired additional sag in preliminarily shaped 
sheets will depend, in part, on the amount of preliminary 
sag in the glass sheets, the shape of the upper mold's 15 
surface and the desired glass sheet shape. Furthermore, 
the pressure applied to surface 74 of sheets G may be 
varied during the shaping operation to obtain the desired 
final shape, e.g. a first pressure may be applied for a first 
period of time and a second pressure may be applied for 20 
a second period of time, or the pressure may be pulsed. 

The shaping arrangements and operations dis- 
cussed above may be modified further to vary the shap- 
ing force provided by the pressurized gas from mold 50 
along sheet surface 74. More particularly, referring to 25 
Figure 6, mold 650 may include a plurality of plenums 
666A, 666B and 666C. each of which is connected to a 
supply line 670A, 670B and 670C, respectively. The gas 
pressure in each plenum and the resulting shaping force 
directed from each plenum along the surface of the pre- 30 
liminariry shaped glass sheets Q may be controlled to 
provide a greater shaping force to those portions of the 
sheets that required a deeper sag dimension, e.g. in the 
central area of the glass sheets G. If desired, no pressure 
may be applied at selected plenums. 35 

As an alternative to incorporating several plenums 
to vary the pressure along the glass surface, pressure 
may be varied in a manner as shown in Figure 7. More 
particularly, the plenum 766 may be located within the 
mold 750 so that pressurized gas is directed toward the 40 
glass sheets only in those areas which require an addi- 
tional shaping force to achieve the desire deeply sagged 
configuration. As the pressurized gas is distrfouted along 
the glass surface, it may pass upwardly through the aper- 
tures 772 in those portions of the surface 754 that as not 45 
supplied by the plenum 766, as shown by arrows 790, 
into portions 792 of the mold 750 that are not sealed and 
pressurized. In this manner, those areas of the glass 
sheet below the plenum 766 are shaped by the force pro- 
vided by the pressurized gas while the shaping force of so 
the gas along the remaining portions of the glass surface 
is significantly reduced by providing an escape path for 
the gas. 

The invention described and illustrated herein rep- 
resents a description of illustrative preferred embodi- 55 
ments thereof. It is understood that various changes may 
be made without departing from the gist of the invention 
defined in the claims set to follow. 



Claims 

1. An apparatus for shaping heat softened material, 
comprising: 

an outline mold (38.438) to support at least one heat 
softened, preliminarily shaped sheet, said outline 
mold (38,438) having a sheet supporting surface 
(44) corresponding to a desired curvature of a 
peripheral portion (58,458) of the sheet; 
an upper shaping member (50,450,550,650,750) 
positioned generally above outline mold (38,438); 
means (70) to supply heated pressured gas to said 
upper shaping member (50,450,550,650,750), 
means (72) to direct said gas at a generally uniform 
temperature from said upper shaping member 
(50,450,550,650,750) downward toward said pre- 
liminarily shaped sheet supported on said outline 
mold (38,438); 
and 

means (64) to move said upper shaping member 
(50,450,550,650,750) and said outline mold 
(38,438) relative to each other such that said upper 
shaping member (50.450.550,650,750) is at least in 
close proximity to said peripheral portion (58.458) of 
said sheet. 

2. The apparatus as in claim 1 wherein said upper 
shaping member (50,450.550,650,750) is an upper 
mold (50,450.550,650,750) having a sheet engag- 
ing surface (54,454,554,754) with at least a periph- 
eral area (56,456) of said mold surface 
(54,454,554,754) corresponding to said desired cur- 
vature of said peripheral portion (58,458) of said 
sheet 

3. The apparatus as in preceding claims wherein said 
moving means (64) includes means (64) to press 
said upper mold (50.450,550,650,750) against said 
outline mold (38.438) supported, preliminarily 
shaped sheet. 

4. The apparatus as in preceding claims wherein por- 
tions of said upper mold engaging surface 
(54,454,554,754) within said peripheral area 
(56,456) have a surface curvature generally less 
than a desired curvature of said sheet 

5. The apparatus as in any of claims 1 -3 wherein por- 
tions of said upper mold engaging surface 
(54,454,554,754) within said peripheral area 
(56,456) have a surface curvature generally corre- 
sponding to a desired curvature of said sheet 

6. The apparatus as in preceding claims wherein said 
moving means (64) includes means (64) to move 
said upper mold (50,450,550,650.750) and said out- 
line mold (38,438) to a first position, wherein said 
peripheral area f said upper mold is in close prox- 
imity to but spaced from said peripheral portion 
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(58,458) of said preliminarily shaped sheet and to 
a second position wherein portions of said sheet are 
pressed against said upper shaping surface 
(54,454,554,754). 

7. A method for shaping heat soften able sheet mate- 
rial, comprising: 

supporting at least one sheet on an outline mold 
(38,438) having a sheet engaging surface (44) gen- 
erally corresponding to a desired curvature of a 
peripheral portion (58.458) of said sheet to be 
shaped; 

heating said sheet to its heat softening temperature 
such that said sheet sags under gravity and is pre- 
liminarily shaped, wherein said peripheral portion 
(58,458) of said sheet sags to conform with said 
sheet engaging surface (44) of said outline mold 
(38,438). 

moving said outline mold (38,438) and an upper 
shaping member (50,450,550,650,750) relative to 
each other such that said upper shaping member 
(50.450.550,650,750) is at least in dose proximity 
to said peripheral portion (58,458) of said prelimi- 
narily shaped sheet, 

applying a fluid force along at least unsupported por- 
tions of said preliminarily shaped sheet within said 
outline mold (38,438), wherein said force urges said 
unsupported portions downward to shape said 
sheet to a desired conf iguration. 

8. The method as in claim 7 wherein said applying step 
includes the step of directing pressurized gas of a 
generally uniform temperature from said upper mold 
(50,450,550,650,750) against said preliminarily 
shaped sheet. 

9. The method as in claim 8 wherein said directing step 
includes the step of directing said gas toward said 
sheet during at least a portion of said moving step. 

10. The method as in any of claims 7-9 wherein said 
upper shaping member (50,450,550,650,750) is an 
upper mold (50,450.550.650,750) having a sheet 
shaping surface (54,454,554,754) which at least 
corresponds to said desired curvature of said 
peripheral portion (58.458) of said sheet. 

11. The method as in any of claims 7-10 wherein said 
moving step includes the step of spacing said mold 
(50,450.550,650.750) a maximum of 1 inch from 
said peripheral portion (58,458) of said preliminarily 
shaped sheet 

12. The method as in any of claims 7-10 wherein said 
moving step is a first moving step which moves said 
upper mold (50,450,550,650,750) in close proximity 
to and spaced from said peripheral portion (58,458) 
of said preliminarily shaped sheet and further includ- 
ing a second moving step wherein said outline mold 



(38.438) and upper mold (50.450,550,650,750) 
move relative to each other to press said peripheral 
portion (58,458) of said sheet between said molds. 

5 13. The method as in claim 12 fui^ 

of initiating said directing step prior to said second 
moving step. 

14 ThemetrKxjasin<^m13furtr«rirx^ir»gthestep 
10 of continuing said directing step for a predetermined 
period after completion of said second moving step. 

15. The method as in claim 13further including the steps 
of terminating said directing step prior to completion 
15 of said second moving step and contacting said 
unsupported portion with said sheet shaping surface 
(54,454,554,754) of said upper mold 
(50,450.550,650.750). 

20 16. ThemetrKrfasinc^im13furmerinclLK^ngthe6teps 
of continuing said directing step after completion of 
said second moving step and subsequently termi- 
nating said directing step and allowing said shaped 
sheet to spring back such that said unsupported por- 

26 tions of said sheet contact said sheet shaping sur- 
face (54,454.554,754) of said upper moid 
(50,450,550,650,750). 

17. The method as in any of claims 7-10 wherein said 
so moving step moves said upper mold 

(50,450,550,650,750) into contact with said periph- 
eral portion (58,458) of said sheet to press said 
peripheral portion (58.458) between said outline 
mold (38,438) and said upper mold 
35 (50.450,550.650,750). 

18. The method as in claim 17 wherein said directing 
step continues for up to 60 seconds after completion 
of said moving step. 

40 

19. The method as in any of claims 10 and 17 further 
including the steps of terminating said directing step 
prior to completion of said moving step and contact- 
ing said unsupported portion with said sheet snap- 

45 ing surface (54,454,554,754) of said upper mold 
(50,450,550.650.750). 

20. The method as in any of claims 10 and 17 further 
including the steps of continuing said directing step 

so after completion of said moving step and subse- 
quently terminating said directing step and allowing 
said shaped sheet to spring back such that said 
unsupported portions of said sheet contact said 
sheet shaping surface (54,454.554754) of said 

55 upper mold (50,450,550.650,750). 

21. The method as in any of claims 10 and 17 further 
including the step of moving said upper mold 
(50.450,550,650,750) and outline mold (38,438) 
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apart and allowing said sheet to spring back to a final 
configuration. 

22. The method as in any of claims 10 and 17 further 
including the step of moving said upper mold s 
(50,450,550,650,750) and outline mold apart 
(38,438), maintaining said sheet at its heat softening 
temperature and further sagging said sheet under 
gravity to form a final configuration. 

10 

23. The method as in any of claims 7-22 further includ- 
ing the step of varying the pressure applied to said 
sheet during said directing step. 

24. The method as in any of claims 7-22 further includ- is 
ing the step of maintaining different pressures at dif- 
ferent locations along said unsupported portions of 
said sheet during said directing step. 

25. The method as in any of claims 7-24 wherein said 20 
directing step includes the step of maintaining a 
pressure along an upper major surface of said sheet 

of up to 2 psi during at least a portion of said moving 
step. 

25 

26. The method as in claim 25 further including the step 
of continuing said directing step for up to 60 sec- 
onds. 
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